Abstract -In the paper is considered the use of a 65 Zn source in the BEST-2 gallium experiment to constrain the regions of the allowed oscillation parameters. The required activity of the 65 Zn source for the BEST-2 experiment, its size, effect on the results of oscillatory measurements, as well as the possibility of production such a source are calculated. Schemes of measurements execution are considered. Keywords: artificial neutrino source, short baseline neutrino oscillations 29.25.Rm, 95.55.Vj 
Introduction
Currently several experiments are being prepared with various sources of neutrinos, to test the hypothesis of the existence of a sterile neutrino or the fourth neutrino mass eigenstate [1] [2] [3] [4] .
In this paper the possibilities of the BEST-2 experiment with an intense artificial neutrino source 65 Zn on a two-zone gallium target [5, 6] are shown. The experiment BEST-2 is considered as a continuation and complementation of the BEST experiment with the 3 MCi 51 Cr source [1, 2] .
The BEST experiment
The BEST experiment is preparing on the basis of the gallium-germanium neutrino telescope at the Baksan neutrino Observatory of the INR RAS (GGNT), which has been used since 1990 for solar neutrino measurements in the SAGE experiment [7] .
In the GGNT neutrinos are registered through neutrino capture reaction Ge atoms. In the BEST experiment the search for oscillations on a short baseline will be made by analyzing the capture rates of electron neutrinos from an intense 51 Cr source with an activity of 3
MCi on the nuclei of the gallium target [1] . The target containing 50 tons of liquid metal gallium is divided into two zones -the inner spherical and the outer cylindrical with a common center.
The source of about 1 liter is placed in the center of both target zones through a tube passing from top along the axis of the cylindrical target zone. With the identical average neutrino pass length from the source in both zones of the target, i.e. an equal the gallium thickness in 4 -geometry, the capture rate of neutrinos in the absence of oscillations in both zones will be the same and equal to 65 day -1 (the capture rate of solar neutrinos in the entire target is about 1 per day).
Oscillations change the neutrinos flavor and reduce the capture rate of electronic neutrinos. For oscillations on a short baseline the electronic neutrino survival probability is
where the neutrino energy E is measured in MeV and the path length L -in meters. Parametersthe amplitude of the oscillation sin 2 2 and the squared mass difference of the mass eigenstates m 2 (eV 2 ) -are characteristics of oscillations which must be found in the experiment.
The results of the previous experiments with short neutrino path lengths (accelerator, gallium with intensive artificial sources, reactor with distances up to 100 m) [8] [9] [10] [11] [12] [13] indicate that the parameter m 2 has a value of the order of 1 eV 2 . For neutrinos with energy of 1 MeV the oscillation length at m 2 = 1 eV 2 is 2.5 m, so in the BEST experiment at the thickness of each target zone of 60 cm can be expected that the neutrinos capture rates in the two zones will significantly differ due to oscillations. In the measurements, the capture rates are summarized over all distances within one zone:
Here R is the ratio of the measured capture rate to the expected in the given zone of target. Function s(L) determines the relative amount of neutrino interactions at L, which is the distance between the point of emission neutrino in the source and the point of neutrino capture in the target. The effect of oscillations on the capture rate is averaged over the distances within each target zone.
The BEST experiment sensitivity to oscillations is determined by experimental errors. In the absence of oscillations the expected statistical error of measurements is 3.7% for each zone of the target and 2.6 % for the entire target.
A systematic error also is assumed of 2.6% for each zone and for the entire target. That leading to a total uncertainty, statistical plus systematic of 4.5% for each zone and of 3.7 % for the entire target. Additionally, the uncertainty of the neutrino capture cross section by 71 Ga nuclei of +3.6 / -3.0 % should be included in the error [14] . At the same time, the possibility of determination the values of the parameter m 2 in the BEST experiment is restricted by ranges of m 2 values, at which the capture rates in the outer and inner zones of the target differ significantly (see Fig.7 ) [15] . 
65 Zn source
The decay scheme of 65 Zn is shown in Fig.1 . The cross section for 1.35 MeV neutrino capture on 71 Ga nuclei is about 3 times higher than for neutrinos with energy of 0.75 MeV from 51 Cr [14] . Therefore, the expected neutrino capture rate in one target zone from the 3 MCi 65 Zn source with the same size as the Chromium source, and also with the previous target zones configurations, will be equal to n 0 =108 
Activity of the 65 Zn source
The irradiation and extraction procedures from GGNT are well studied and adjusted in a long time in the experiment SAGE [7] . During the t 1 time the gallium target is irradiated (exposure) by a neutrino flux and the 71 Ge atoms are produced. After t 1 , during the t 2 time the produced atoms are extracted from the target for subsequent procedures of their counting. The irradiation time t 1 depends on the lifetime of 71 Ge (T 1/2 =11.43 days). For example, for solar neutrino extractions was taken exposure schedule (irradiations to solar neutrinos) with t 1 = 30 days and t 2 time was about 1 day. If all the irradiations in the experiment are carried out within the same t 1 time period with identical t 2 dead time period between irradiations, then the collected statistics in the experiment is described by the expression: Fig.3 shows the values of t 1 , which provide the maximal value N for given m. The statistics in the BEST experiment are determined by the total number of extracted 71 Ge.
For irradiation schedule with m=10 and t 1 =9 days, the expected number of extracted 71 Ge atoms in the absence of oscillations will be 1657. Let's determing a desired activity of the 65 Zn source, to obtain the same number of events in BEST-2. For the 65 Zn source, which has a longer lifetime, it is convenient to use the measurement schedule with t 1 30 days, which corresponds to the solar neutrino measurement schedule of SAGE. Fig. 4 shows the dependences of the total number of the extracted 71 Ge atoms on the number of the target exposures N(m) with a fixed time of one exposure t 1 =30 days for various source activities. i.e. almost 10 times lower the 51 Cr source activity in the BEST experiment. The number of exposures in this case will be m ~ 28, and the experiment will continue t (t 1 +t 2 )·m 868 days = 2.38 years.
Source production
The 65 Zn source can be produced by irradiating of enriched up to ~94% 64 Zn isotope in a thermal neutron flux of a nuclear reactor. Table 1 shows the thermal neutron capture cross sections for different zinc isotopes. 
Source size
In the BEST-2 experiment the source will be placed in the center of both target zones along a tube with an inner diameter of 21 cm. Therefore, the diameter of a cylindrical source should not exceed 19 cm. To ensure the safety of personnel the source will be shielded by 1.5 cm thick tungsten. Then the diameter of the active part of the source will be about 16 cm, and its height is about 40 cm for activity of 0.3 MCi and volume of 8 liters. Fig. 6 shows the functions s(L) -the relative neutrino registration probability in the target at distance L from the point of birth in the source, which bottom is shifted 10 cm below the center of the target. Compared to the functions s(L) obtained for the chromium source size, for a zinc source with larger dimensions there is a large area of intersection of lengths L for both target zones. Fig.6 . Dependencies of the relative probabilities of neutrino registration s(L) in the inner (spherical) and outer (cylindrical) zones of the gallium targets on the path length L from the point of birth for the cylindrical sources 51 Cr (ø8.6 × 9.5 cm) and 65 Zn (ø16 × 40 cm). Figure 7 shows the ratio of the expected capture rate in the two zones of target (R in /R ex ) for the 51 Fig.7 . In the case of two experiments, the most probable value m 2 will be determined according to the weight in each experiment and can take any value in the corresponding range of values. Zn sources.
Conclusion
In the article the questions of performing the experiment BEST-2 to search for oscillations of electron neutrinos from the source of 65 Zn in the sterile state on the two-zone gallium target is considered. The experiment BEST-2 is a natural continuation of the experiment BEST with the 3 MCi 51 Cr source. Experiment will be carried out on the same equipment according to the same scheme. For comparable sensitivity to oscillations, the 65 Zn source can have an activity of 0.33
Ci. The 65Zn source can be made by irradiation with thermal neutrons in MIR-type reactors (JSC "SSC NIIAR", Dimitrovgrad, Ulyanovsk region), IVV-2M (JSC "IRM", Zarechny, Sverdlovsk region) or L-2 (FSUE "PO "Mayak", Ozersk, Chelyabinsk region) for 200 to 490 days. The source dimensions (from 3.0 to 8.7 liters) allow to carry out qualitative measurements to search for oscillations on a short basis on a two-zone gallium target of the BEST experiment.
The BEST and BEST-2 experiments with comparable sensitivity to oscillations supplement each other in determining the parameter of oscillations m 2 : due to the difference of the neutrinos energies from the two 51Cr and 65Zn sources the sensitivity zones for determining the parameter m2 in the two experiments are shifted so that the maximum of one experiment sensitivity approximately falls on the minimum sensitivity of the second one and vice versa. The combined result of both experiments will give not only the best experimental statistics of measured oscillations (if they are in the search area), but also -the possibility to measure precisely the parameters of these oscillations.
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